Supplemental irrigation by Roe, H. B. & Park, J. K.
Extension Bulletin 225 June 1941 
Supple:mental Irrigation 
H. B. Roe and J. K. Park 
SUMMARY 
Hot rainless periods of 1 to 3 weeks occur almost every summer 
fn Minnesota. Supplemental irrigation will protect against these. 
Supplemental irrigation insures germination, prevents crop 
failure from drouth, results in increased yields, and protects against 
unseasonable frosts. 
Small fruits and vegetable crops are all irrigated in Minnesota 
with profit as are also such field crops as sugar beets and potatoes. 
It is probable that corn and other forage crops will be success-
fully grown under supplemental irrigation. 
Initial costs of spray irrigation vary, according to type, from $30 
to $250 per acre. Maintenance and operating costs are fairly low. 
Experience has shown that supplemental irrigation usually pays 
the original cost of the system within from one to three years. 
Ample available water supply is of first importance. 
Lakes, streams, and wells are best sources of supply. 
Pumping is costly; hence total lift should be kept as small as 
possible and deep wells used with great discretion. 
·Permission to use water from public lakes and streams must be 
obtained from the State Department of Conservation. 
Type of soil and topography largely determine the type of dis-
tribution system to use. 
Furrow irrigation is feasible on gentle slopes. 
Porous hose and perforated pipe have only limited application. 
Overhead spray irrigation systems usually give best satisfaction 
in Minnesota because the water is most uniformly distributed by 
them without preparing the land surface. 
Oscillating spray systems are well suited to small areas under 
intensive cultivation with high-return fruit and vegetable crops. 
Rotary spray systems are better suited to the larger areas and to 
all crops not injured by a strong spray. 
Either type of spray irrigation may be operated with few mov-
able nozzle lines. This increases the time required to irrigate but 
greatly reduces the initial cost of the system. 
One-inch application per week is the least you should use. 
Oscillating systems apply l-inch in about 8 hours; rotary systems 
in 2 to 3 hours. · 
Points that must be carefully considered in design are: Sizes of 
pipe, capacity of pump, and size of power unit. 
Expert counsel should be sought in working out the design. 
Supplemental Irrigation 
H. B. Roe and J. K. Park 
SUPPLEMENTAL IRRIGATION consists "in supplying water from nearby readily available sources for short rainless periods during 
the summer in the humid and semi-humid regions. It is generally used 
on crops easily damaged or ruined at critical stages of their growth by 
excessively dry weather. 
Supplemental irrigation was introduced in the truck and small fruit 
growing areas near the Twin Cities about 1920. The number of farms 
installing a supplemental irrigation system increased slowly but con-
sistently until the drouth period of recent years when over half of the 
200 to 300 systems now in use in the Twin City area were installed. Some 
farmers in the Red River Valley have been using supplemental irrigation 
on sugar beets and potatoes, as well as on truck and small fruits, for a 
number of years. 
Benefits.-One hot dry period of sev-
eral days when tubers are setting on 
potatoes, lettuce is heading, or ber-
ries are ripening, frequently damages 
or ruins the crop unless protected by 
irrigation. Several rainless periods one 
to three weeks in length occur prac-
tically every summer in Minnesota. 
The specific benefits of supplemental 
irrigation are: 
1. It aids and insures germination 
of seed. This makes it possible to start 
a crop at any time during the summer 
in spite of dry weather and also to have 
the crop ready in time to catch the 
high market or to miss an early fall 
frost. 
2. It may prevent loss or injury to 
seedlings transplanted in an otherwise 
dry soil. 
3. It makes possible continuous 
growth necessary for higher quality 
products. 
4. It results in greatly increased 
yields of marketable products. 
5. Certain types of sprinkler irriga-
tion also serve as a protection against 
untimely frosts. 
COST OF VARIOUS SYSTEMS 
A survey of about 150 irrigated farms 
in 1937, most of which were truck 
farms using the oscillating spray and 
rotary spray system, showed the initial 
cost for the oscillating system to be, 
on the average, about $120 per acre as 
compared with an average of about $50 
per acre for the circular spray system. 
(The costs of individual systems of 
either type may, however, vary widely 
from these figures depending upon the 
particular setup.) 
The figures given include the cost 
of equipment, development of a water 
supply, and necessary wiring when 
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Estimating Cost of Irrigation System 
Overhead cos±s can be figured approximately as follows: 
Annual depreciation-$500 over 15 years....................................................................... $33.33 
Annual interest on average value of $250 at 6 per cent................................... 15.00 
Total annual overhead costs for 10 acres............................................................ $48.33 
Overhead costs per acre per year.................................................................................... $4.83 
Operating cos±s can be figured on a per acre per year basis, as follows: 
Fuel and oil, or electricity for pumping.............................................................................. $ 3.00 
Added labor costs due to irrigation......................................................................................... 5.00 
Repairs and maintenance .................................................................................................................. 3.00 
Total operating costs ........................................................................................................................ $11.00 
Total cost for supplemental irrigation per acre per year....................... $15.83 
electric motors are used for power. 
Several other costs which also should 
always be considered include: over-
head such as interest and depreciation, 
power such as fuel and oil or elec-
tricity, operating labor, repair, and 
maintenance. 
Although it is impossible to give 
exact cost figures on each of these ex-
penses, average typical costs may be 
estimated by the method illustrated 
in the example at the top of this page. 
Assume that a circular spray sys-
tem (described in detail later) has been 
installed on a 10-acre plot at a total 
cost of $500. Further assume that with 
proper maintenance this system will 
last 15 years. 
RETURNS 
It is impossible to estimate the actual 
cash returns from supplemental irriga-
tion. Some years there will be no profits, 
but in other years irrigation may save 
an entire crop. Often it greatly increases 
profits through heavier yields. Some 
Minnesota farmers who have been prac-
ticing supplemental irrigation testify 
that it increased their income $100 to 
$400 per acre per season, an amount 
which would more than pay the cost 
of the supplemental irrigation system. 
CROPS THAT HAVE BEEN IRRI· 
GATED WITH PROFIT 
Supplemental irrigation has been 
used effectively in the northern Missis-
sippi Valley on small fruits and truck 
crops such as: berries and bush fruits; 
salad crops as spinach, lettuce, cab-
bage, and cauliflower; vinous crops as 
cucumbers, squash, and melons; root 
crops as radishes, beets, and carrots; 
onions; solanaceous fruits as tomatoes 
and peppers; and sweet corn, peas, and 
beans. 
Supplemental irrigation of field crops 
is not common in Minnesota, although 
sugar beets and potatoes are irrigated 
on a fairly large scale in the lower Red 
River Valley. Irrigation of alfalfa, 
corn, and wheat is being seriously con-
sidered although as yet few have at-
tempted it. However, improvements 
during the last few years have lowered 
the cost of irrigation systems so much 
that it seems likely that, in the future, 
there will be extensive supplemental 
irrigation of some field crops. 
PROPER TIME TO IRRIGATE 
Many farmers use their system 24 
hours per day and feel that the time 
of day when the water is applied is of 
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little or no importance because they 
can see no more benefit one time of day 
than another. It seems logical that the 
best time to irrigate would be during 
the night when the evaporation loss 
is negligible. It is generally agreed 
that to stop watering during the heat 
of the day is an unwise practice be-
cause the hot sun, rapidly drying out 
the tender plants after irrigation, burns 
the leaves. 
The following are the factors that 
must be considered in planning any 
kind of supplemental irrigation sys-
tem. 
THE WATER SUPPLY 
Quantity required.-The seasonal 
quantity of water required for effective 
supplemental irrigation depends upon 
the following: the texture of soil and 
subsoil, air temperature, velocity of pre-
vailing winds during any given irriga-
tion period, and water requirements of 
the crop. 
A crop on sandy soil will require 
far more water than the same crop on 
a clay loam soil under the same weather 
conditions. Furthermore, any crop will 
require, during a period of hot, dry 
wind, far more water than it would 
When cool, mild breezes prevail. Such 
crops as strawberries, peas, head let-
tuce, or vinous crops, maturing during 
a period of summer drouth, will require 
Inore frequent and heavier watering 
than tomatoes, root crops, or potatoes. 
It is frequently asked whether deep 
well water may not be so cold as to 
have an injurious effect on plants. 
There is no definite evidence to show 
that any water ever used· for irrigating 
was cold enough to injure plants. Ir-
rigating in Minnesota is all done during 
the summer when even the coldest well 
water, once exposed to warm air and 
sunlight or brought into contact with 
the warm soil, quickly loses its chill. 
Experience has shown that, in view 
of the facts just considered, the amount 
of water required for supplemental ir-
rigation will vary from 1 to 2% inches 
per week. 
Sources of water.-Streams, lakes, 
dug reservoirs, shallow wells, and 
deep wells are the usual sources of 
water. The cost of pumping will gen-
erally be lower if the water can be 
obtained from a stream, lake, or shal-
low well, close to the field where it is 
to be used. Deep wells are usually 
reliable sources but quite often too ex-
pensive. While the most economical 
location for a well is usually at the 
center or one side of the field, this is 
often prevented by the great variation 
in depth to ground water occurring 
within short distances. 
A dug reservoir is feasible only where 
the water table lies only a few feet 
below the ground surface. It is a pit, 
50 to 100 feet in diameter, dug down 
below the surface of the water table, 5 
or 10 feet into sand or gravel. Such 
6 EXTENSION BULLETIN 225 
reservoirs have given satisfaction in a 
few sections but, as a rule, they are 
disappointing. 
Under Minnesota conditions neither 
the topography nor the present extent 
of irrigation development usually fur-
nishes opportunity or justification for 
large storage reservoirs that would 
provide gravity distribution of irriga-
tion water over large areas. Therefore, 
the raising of water from its source of 
supply to the fields, and its distribution 
thereon is dependent, almost univer-
sally, on some type of pumping sys-
tem, which includes both the pump it-
self and the necessary power unit for 
driving it. 
Test water supply.-A new water sup-
ply should always be tested for its 
capacity. This may be determined by 
noting the time in seconds it takes the 
maximum output of the well to fill a 
barrel of known capacity. Such tests 
should be made once every hour for a 
10-hour period. The flow of water in a 
small stream should be determined 
quite accurately by someone with ex-
perience, while the flow in larger 
streams is usually known or can be 
determined through public agencies. 
Qualify of water.-Water should be 
free from elements injurious to either 
plants or people. 
Legal control of lakes and streams.-
If it is planned to use water from pub-
licly-owned lakes or from streams in 
Minnesota, permission must be secured 
from the State Department of Conser-
vation. 
KIND OF CROPS 
The depth of rooting of a crop, along 
with the type of soil, is a leading fac-
tor in determining whether frequent 
small waterings are desirable or 
whether less frequent larger applica-
tions may be applied. The shallower 
rooting crops, such as lettuce, spinach, 
radishes, and practically all of the vine 
crops as cucumbers and squash, and 
such shallow rooting vine fruits as 
strawberries, require more frequent 
light waterings than do the deeper root-
ing crops, such as tomatoes, beans, cab-
bages, and the small bush fruits. 
KIND OF SOIL 
A light sandy soil will absorb water 
at a faster rate without erosion or run-
off than a heavy clay soil. Therefore, 
the type of soil must be taken into con-
sideration in choosing the kind of irri-
gation system. 
For example, the oscillating type 
sprinkler system delivers water at 
such a rate that it is readily absorbed 
by the soil as fast as it is applied. Such 
systems are found on every type of 
soil from clay loam to sand. However, 
the best results are usually obtained on 
sandy soils. 
Circular spray systems apply water 
at a much faster rate which may cause 
runoff on heavy soils if the ground has 
an appreciable slope. Therefore, this 
type of irrigation should be used with 
caution on soils heavier than a silt 
loam to avoid erosion and waste of 
water. 
TOPOGRAPHY 
Spray systems can be satisfactorilY 
used on the rolling field without grad-
ing and leveling the surface. This is 
one important reason why the spraY 
systems are the most popular systems • 
in Minnesota. 
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Supplemental irrigation systems are 
classified according to the method used 
in applying the water as hereinafter 
discussed. 
SURF ACE IRRIGATION 
Surface irrigation is applying water 
over the surface of the land by various 
methods of distribution. Owing to 
rough topography, it is not generally 
suited for use in the upper Mississippi 
Valley. However, where slopes are 
uniform and not so steep as to cause 
erosion, furrow irrigation and wild 
flooding may sometimes be used to ad-
vantage. Both of these methods are 
more wasteful of water than sprinkler 
methods of distribution. 
Furrow irrigation.-Furrow irriga-
tion is especially suited to row crops. 
The water is run down the rows from 
a head ditch or from a wooden flume 
Ftc. I. GATED lRRICATION PIPE IN AcTION 
or a light galvanized pipe extending 
along the high end of the field. The 
flow of water in the flumes or the gal-
vanized pipes is controlled by sliding 
metal gates spaced the same as the crop 
rows. (See figures 1 and 2.) The flow 
from an earth head ditch may be con-
trolled by hand with a shovel or 
through short wooden or metal pipes 
thrust through the ditch bank into each 
furrow. Square tubes made of short 
lengths of common lath are satisfactory. 
Wild flooding.-In wild flooding 
water is diverted from the head ditch 
at intervals and is allowed to flow at 
will over the field. This style of irri-
gation is best suited to cover crops. 
Since there is no systematic way of 
controlling the flow, wild flooding is 
wasteful and not recommended unless 
water is plentiful and easily conveyed 
to the field. It should be used only 
on land having a uniform gradual slope 
away from the h ead ditch. 
Ftc. 2. CLosE-UP VtEW oF GATE 
IN GATED PIPE 
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fiG. 3. GENERAL VIEW OF AN Oozo 
LINE IN OPERATION 
POROUS HOSE 
The Oozo or porous hose system is 
one of the best known low-pressure 
systems. A loosely woven but service-
able hose (Fig. 3) is placed in or on the 
row to be irrigated. When the water 
is pumped into the hose at a pressure 
of not over 20 pounds per square inch, 
the water gradually oozes through the 
sides of the hose. The hose is moved 
from row to row by means of a spe-
cially designed spool. The system, how-
ever, has many disadvantages in that 
commercial hose is expensive and has 
only a limited life; shifting the hose 
is a wet, dirty, and heavy job; and in 
sandy soils the water moves downward 
at once without spreading out, often 
making it necessary to place the hose 
right on the rows of plants. To reduce 
cost, the hose can be made at home 
out of ordinary canvas if a strong sew-
ing machine is available. The porous 
hose has worked fairly well for such 
crops as strawberries. 
THE PERFORATED TUBE 
The distribution equipment of this 
system is a thin galvanized iron slip-
joint pipe with lines of small holes 
punched in the top through which 
water is sprayed approximately 50 feet 
when under a pressure of 15 pounds 
(Fig. 4) . The holes are so spaced that 
the entire strip of ground is covered 
at one setting. When one strip is 
watered, the pipe may be moved to 
another position or several spray lines 
may be taken off one main line at the 
head of the field. 
Low pressure systems such as the 
porous hose and perforated tube are 
successful only on relatively level 
ground because changes in elevation 
in the field along the pipe line will 
change the pressure in the line, causing 
an uneven distribution of water. 
SUB-SURF ACE IRRIGATION 
In this system water is distributed 
by open trenches or lines of drain tile 
with open joints. laid 30 to 100 feet 
apart according to the type of soil. 
Sub-surface irrigation is practical only 
where water is plentiful and where a 
loose top soil is underlaid at a depth of 
2 or 3 feet with a tight impervious 
subsoil. The lower layers of the soil 
above the hard pan become saturated 
and then the water spreads laterally 
over a large area. This type of irriga-
tion is rarely suited to Minnesota con-
ditions. · 
SPRAY ffiRIGATION 
Supplemental irrigation in Minne-
sota at present consists almost entirely 
of the two overhead spray type systems 
illustrated on the cover page, namely, 
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fiG. 4. GENERAL VIEW OF A PERFORATED 
PIPE LINE IN OPERATION 
the oscillating and the rotary spray 
high-pressure systems. 
If properly designed, a spray type 
system requires much less supervision 
and labor than the surface type and is 
under better control relative to the 
starting, stopping, and shifting of the 
location of the water applied. It uses 
less water and distributes it more 
evenly regardless of the natural topog-
raphy of the ground. There is also 
less washing or puddling of the soil. 
The main disadvantage of spray ir-
rigation is the relatively high initial 
cost of installation. This, however, 
will be offset by the smaller cost of 
operation and maintenance. 
Oscillating Spray System 
The oscillating spray system, often 
called the Skinner system of irrigation 
after the name of its inventor, is well 
suited to all forms of truck crops and 
small vine and bush fruits from which 
returns per acre are high. Because it 
is too expensive, delivers water too 
slowly, and impedes field operation, it 
is generally not practical for irrigating 
field crops or even truck crops or fruits 
on fields larger than 10 acres. Never-
theless, cost not considered, it is the 
system to use on fields of two acres or 
less, regardless of soil type, and for use 
on tender crops such as lettuce, spin-
ach, cauliflower, and berries, all of 
which are more or less susceptible to 
injury from a heavy or coarse spray. 
In the oscillating system (Fig. 11) 
the main line which delivers the water 
from the pump to the distribution lines 
may either lie on the surface or be 
buried under it. The distribution pipes 
are suspended horizontally, at right 
angles to the main, 3 to 8 feet above 
the surface of the field, by either 
wooden or iron posts spaced 15 feet 
apart. The tops of the posts are fitted 
with roller sockets (Fig. 5) to enable 
the pipes to turn with little friction. 
Spaced every 21!2 to 4 feet in these 
pipes are small nozzles through which 
the water is sprayed as the pipe is 
turned slowly and continuously back 
and forth by a hydraulic oscillator or, 
at intervals, by hand. 
As shown in figure 11, the nozzle 
lines are generally spaced 50 feet apart. 
Water sprayed from the lines at 30 to 
40 pounds pressure is thrown 25 to 30 
feet each way if there is little or no 
wind. Such a system will deliver l-
inch depth of water in about 8 hours. 
Nozzle lines with an automatic oscil-
lator for each are relatively expensive. 
However, first cost may be greatly re-
duced by using only a few nozzle lines 
which may be moved progressively for-
ward along the main as successive 
strips are watered, but both main and 
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FIG. 5. COUPLING UNIONS 
(Left) Roller Socket Support for Oscillator 
Nozzle Line, Made to Fit in Top of Iron Pipe 
Post. 
(Right) Quick Coupling for Oscillator Nozzle 
Line. 
nozzle lines should be equipped with 
quick coupling devices (Fig. 5). In 
such a case, however, it is desirable to 
have permanent lines of support posts 
or blocks established on the field to 
simplify moving nozzle lines. 
If the system is of the movable type, 
the nozzle lines are fitted with quick-
coupling unions (Fig. 5) so that they 
may be rapidly taken apart in sections 
for moving, reconnected, and realigned 
by means of a small lug in the coupling 
or a square end as shown in figure 5. 
Any given nozzle line is operated in 
one position until the watering of that 
strip is complete. It is then moved to 
a new position on the main. In this 
way the given area may be watered 
with a limited amount of nozzle line. 
The nozzle lines are moved at inter-
vals of 8 to 16 hours, the exact period 
being determined by the time it takes 
to apply the quantity of water needed 
for the given crop. 
Frost controL- The oscillating spray 
type has been found effective as a pro-
tection against damage from unsea-
sonable summer, late spring, and early 
fall frosts. Frost is liable to occur in 
Minnesota on the uplands anytime up 
to June 1 or anytime after September 
10. Peat bogs are subject to frost any 
month during the year. Many market 
gardeners have successfully used this 
protection, and there are some striking 
records of crops that have been thus 
saved. 
In order to save the plants from frost, 
it is necessary to sprinkle them con-
stantly during the time that the tem-
perature is below 32° F. and until all the 
ice is completely thawed. For effective 
frost control, the active system must 
cover the entire area without having 
to be moved. Frost control experi -
ments conducted by the University of 
Minnesota Agricultural Experiment 
Station show that plants can be saved 
from frost when the temperature dur-
ing the night is as low as 26 ° F. 
The Circular or Rotary Spray System 
The circular or rotary spray system 
has a much lower first cost per acre 
than the oscillating system. It is the 
more practical system for watering 
areas larger than two acres of any type 
of crop, either truck or field crops, that 
will not be injured by its vigorous 
spray or by wilting of the leaves or 
fruit. 
The crops that it may be used to 
water include most vegetables, such as 
small root crops, cabbage, tomatoes, 
and sweet corn; and such field crops as 
potatoes, sugar beets, field corn, and 
hay and forage crops. A properly de- ' 
signed rotary spray system has a low 
operating and maintenance cost and is 
easily handled. 
A rotary spray system (see figure on 
front page) consists of a main line 
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running across the end of the area to 
be irrigated and distribution lines run-
ning perpendicular to the main, spaced 
40 to 100 feet apart, depending upon 
the particular system. The distribu-
tion lines may be moved to new loca-
tions along the main when one strip 
has been watered. Both main and dis-
tribution lines usually lie on the 
ground. See figure 12 for typical lay-
out. 
The main and distribution pipes are 
commonly made of 16- or 18-gauge 
electric-welded galvanized iron in 20-
foot lengths which, up to and including 
5-inch diameter, may be easily carried 
by one man. This light galvanized iron 
pipe is used because of the greater ease 
of handling and lower cost. 
The ends of each pipe are fitted with 
a "quick coupling" which is made 
watertight by means of a rubber gasket 
(Fig. 6) . The joints are sufficiently 
flexible to allow a bend of about 20 
degrees between any two lengths of 
pipe. Each coupling has a vent in the 
B. 
FIG. 6. QuiCK CouPLING, RISER PIPE, AND 
NOZZLE ON CIRCULAR SPRAY SYSTEM 
C. 
FIG. 7. SOME COMMON TYPES OF NOZZLES USED ON CIRCULAR SPRAY SYSTEMS 
11 
(a) Direct Action Type--Rated Discharge, 1 to 3 G.P.M.; Diameter of Spray, 40 feet at 
15 Pounds Pressure a t Nozzle. 
(b) Spring Reaction Type- Ra ted Discharge, 2 to 100 G.P.M.; Diameter of Spray, 70 to 
220 Feet at 20 to 100 Pounds Pressure at Nozzle. 
(c) Water Reaction Type--Rated Discharge, 3 to 100 G.P.M.; Diameter of Spray, 60 to 
225 Feet a t 20 to 105 Pounds Pressure at Nozzle . 
NoTE- Under b or c, for farm use the Practical Discharge per Nozzle is about 15 G.P.M. 
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top stopped with a screw plug, %- or l-
inch in diame~er, which may be re-
moved and a n<j>zzle riser pipe inserted. 
A section of the distribution pipe with 
a quick coupling, riser, and nozzle is 
shown in figmre 6. Specials such as 
tees, ells, and reducers are obtainable. 
Rotating sprinkler heads (or nozzles) 
are spaced along the distribution line 
at intervals of lrom 20 to 80 feet, de-
pending upon ~he system. These noz-
zles are rotated by the force of the 
flowing water.' Several of the most 
common types are shown in figure 7. 
The nozzles deliver from 1 to 100 gal-
lons per minute depending on the size 
of nozzle and the water pressure. Gen-
erally the discl}arge is about 15 g.p.m. 
~ ,on the farm systems, which corresponds 
to l-inch depth of water in about 
two and one-half hours, with 40-foot 
nozzle spacing and 80-foot diameter of 
spray. The nozzles are set on the top 
of small, short riser pipes 2 or more 
feet high depending upon the height of 
the crop. These riser pipes are screwed 
into the distribution lines. 
Any given distribution line is op-
erated in one position until the water-
ing of that strip is complete. Then the 
distribution line is moved to a new posi-
tion on the main. In this way an en-
tire field may be watered with a limited 
amount of pipe. The distribution line 
is moved every three to six hours, the 
exact period being determined by the 
time it takes to apply the quantity of 
water required for the field or crop. 
p~ rud !)~at(!)~ 
Srvuu~ !J~ g~ 
The success ,or failure of any type 
f supplementa[ irrigation system may 
be qetermined pY the amount of care-
ful and intelligent planning previous 
to its purchase. Td show the im-
portance of proper design and to give 
:·more detailed information in planning 
,a supplemental! irrigation system, two 
illustrative examples are given, the first 
for an oscillating spray system and the 
~econd for a rotary spray system, as 
these are the most common systems 
being used at present in Minnesota. 
GENERAL CONSIDERATIONS 
Character of the field.-The size and 
shape of the field must be known. 
Pressures involved.-Both of the spray 
systems are kmown as high pressure 
systems because in order to secure the 
necessary uniformity and range of 
spray there must be a definite and 
practically constant pressure behind the 
water as it leaves the nozzle; and, in 
addition to this, the pressure that the 
pump develops must be sufficient to 
lift the water from its source to the 
nozzles and to overcome the friction in 
the pipes, valves, etc. 
Friction increases rapidly as the di-
ameter of the pipe decreases, and it 
also increases with the length of the 
pipe and with increase in rate of flow. 
Pumping against friction is like pump-
ing against a column of water, that is, 
its opposition is equivalent to back 
pressure against the tendency of the 
pump to push the water forward or to 
cause it to flow. We can, therefore, 
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express the entire force against which 
the pump works as pressure, which is 
figured in pounds per square inch 
of the cross-section of the flowing 
stream. 
A column of water one square inch 
in cross-section and 2.3 feet high will 
exert a pressure of one pound per 
square inch. Therefore, we may also 
express pressure in pounds per square 
inch against which a pump must work 
as so many feet of head or pressure 
head, as it is usually called, and this 
pressure head in feet will always be 
2.3 times the pressure in pounds per 
square inch. 
Hence it is seen that there are three 
parts to the total pressure that must 
be developed at the pump if it is to be 
able to operate the given system. These 
parts are: 
1. The actual distance the water must 
be lifted above its source at its lowest 
probable or "draw-down" position. 
This distance is usually figured in three 
parts: (a) the suction lift or vertical 
distance between the surface of the 
water and the pump; (b) the vertical 
distance between the pump and the 
highest point in the field; (c) the height 
of the nozzles above the ground. 
2. The pressure expressed in "feet 
of head" to overcome friction developed 
in all the pipes through which the water 
flows. 
3. The pressure expressed in "feet 
of head" which must be maintained 
at the nozzle to give the proper range 
of spray. 
Item 1 can be measured directly in 
feet; item 2 can be determined by the 
use of table 1 later explained. Item 
3 is determined according to manufac-
turer's specifications as to pressure at 
Which nozzle should operate for cer-
tain ranges of spray. This pressure is 
usually given as pounds per square 
inch and thus should be multiplied by 
2.3 to get the equivalent pressure in 
feet head, of water. For example, the 
average pressure required by the os-
cillating system is 30 pounds per square 
inch which is equivalent to 69 feet 
head, of water. 
Size of pipe.-The nozzle pressure is 
assured by selecting the proper grad-
uated sizes of pipe and length of noz-
zle line so that the total friction head 
plus vertical lift plus nozzle pressure 
will not overload the pump. How-
ever, certain lengths of nozzle line have 
been found to give most satisfactory 
results where shapes of fields to be 
watered can be controlled. 
The size of main pipe that feeds the 
water into the nozzle line should be 
one commercial size larger than the 
largest pipe on the nozzle line. For 
example, if the largest pipe in the 
nozzle line is 1% -inch, the main pipe 
supplying it should be 2 inches. When 
the nozzle line runs both ways from the 
supply pipe, the latter should be large 
enough at that point to supply both 
lines. For example, with two nozzle 
lines each E1!-inch, the supply pipe 
should be 21/z-inch. 
Type of pump.-The pump must be 
selected to deliver the required amount 
of water against the total accumulated 
pressures. 
The maximum practical suction head 
for a piston pump (Fig. 8) is about 22 
feet; that for a single stage centrifugal 
pump (Fig. 9) is not over 15 feet. A 
turbine pump (Fig. 10), which is prac-
tically a series of centrifugal pumps 
all acting together, one above the other, 
is especially designed for deep walls 
where the lift is unavoidably great. 
Up to the practical limit of the suc-
tion lift capacity, piston pumps are 
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satisfactory on oscillating systems 
where the required capacity is usually 
rather low but where the total vertical 
lift may be high. For steady delivery 
with a piston pump, an air chamber 
between the suction and the discharge 
pipe is practically essential. 
Where the suction lift is within its 
safe range (15 feet or less), the cen-
trifugal pump is the most satisfactory 
type for overhead spray systems be-
cause its efficiency is relatively high if 
properly installed without air leaks, 
and delivery is more uniform than that 
of the piston pump. However, they are 
not self-priming unless placed below 
the water level, and it is, therefore, 
frequently necessary to provide a foot 
valve on the end of the suction pipe or 
a check valve on the discharge from 
the pump. 
The specified discharge from a cen-
trifugal pump will be greatly reduced 
with a small reduction in speed or in-
crease in pressure different from those 
for which the pump is rated. On the 
other hand, they will not give a pro-
portionate increase in capacity if the 
speed is increased or if the pressure is 
reduced. Therefore, the importance of 
choosing the proper size pump and run-
ning it at the proper speed according 
to the pressure and discharge required 
becomes evident. 
Size of power unit required.-To find 
the horsepower (H.P.) required to 
pump water at a given rate in gallons 
per minute against a given total head 
in feet, multiply the required rate of 
discharge in gallons per minute (g.p.m.) 
by the total head in feet. Divide this 
product by 4000 times the combined 
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efficiency, E, of the pump and the 
motor. In equation form this is: 
g.p.m. x feet head 
Required H.P. = 4000 x E 
The combined efficiency of pump and 
electric motor will average about 50 
per cent but may vary widely either 
way from this figure in individual cases. 
If a gasoline engine built for the pur-
pose is used, results obtained by the 
foregoing rule should be increased 
about 50 per cent on engines up to 
about 10 horsepower and about 25 per 
cent on engines over 10 horsepower. 
The importance of having ample 
power as roughly determined by the 
above rule and considerations cannot 
be overemphasized. 
Types of power units.-There is a 
wide variation possible in the types of 
power units that may be used for op-
erating pumps. Anything from an old 
automobile belted to the pump to a 
modern electric motor directly con-
nected to a centrifugal pump by flex-
ible coupling is used. Money is fre-
quently wasted in the use of old, in-
efficient engines not suited to the job. 
However, such waste in operation costs 
may be partially offset by a saving in 
the initial cost of the equipment, al-
though it generally pays to use good 
equipment, selected because of its suit-
ability for the particular job. 
The important sources of power for 
irrigation are gasoline and Diesel en-
gines, and electric motors. Both three-
phase and single-phase electric motors 
are used. The internal combustion en-
gines may be of any kind and size if 
they will do the job. When electricity 
is available, the added convenience, re-
liability, and, in most cases, the cheaper 
operating cost make electric motors 
more desirable than gas engines. How-
ever, the initial cost in many cases 
favors the use of gasoline engines. On 
the average 10-acre irrigated area, the 
cost for electricity is about $1.00 per 
day, while that for gasoline motors 
would be from 5 to 10 per cent higher. 
fiG . 9. SMALL CENTRIFUGAL PUMP, BELT-CONNECTED TO A GASOLINE ENGINE 
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fiG. !0. A TYPI CAL TURBINE PUMP U sED 
IN DEEP WELLS 
Transmission.-The power unit may 
be connected to the pump in one of 
several ways, either by fiat-belt, v-belt, 
direct drive, chain drive, or gear. 
It is advisable to belt the power to 
the pump in a ratio such that the pump 
will run at its most efficient speed as 
determined by the manufacturer's rat-
ings. If the engine and pump both run 
at the same speed for maximum effici-
ency, then they may be directly con-
nected by a flexible coupling to give the 
greatest combined efficiency. (See fig-
ures 8 to 10.) 
TECHNICAL COUNSEL ALWAYS 
DESIRABLE 
The owner is advised to seek the 
counsel of the technical service man of 
the company furnishing the equipment 
in determining the sizes of pipe and 
the length of each size most desirable 
and effective for his project because 
the requirements of each case are al-
most sure to be different, at least in 
part, from those of any other; and the 
proper design is a problem, the solu-
tion of which depends upon the prin-
ciples of hydraulics with which only the 
technically-trained are apt to have suf-
ficient familiarity. This counsel ap-
plies to all forms of pressure irriga-
tion systems and particularly to the 
oscillating and rotary spray types. For 
those owners, however, who may wish 
to design their own systems, the fol-
lowing illustrative problems are offered 
as a general guide. 
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The proper design of a system may 
be simplified if some logical, step-by-
step procedure is followed such as is 
suggested below in the following illus-
trative examples: 
OSCILLATING SPRAY DESIGN 
Assumpfions.-For the purpose of an 
illustrative problem, it will be neces-
sary to make certain assumptions as 
follows: 
1. Area of field approximately 2 
acres, shape 200 by 400 feet. (Fig. 11.) 
2. Head at nozzle, 30 pounds per 
square inch or 69 feet. 
3. Vertical lift from water supply, 
20 feet. 
4. Number of distribution lines op-
erating at one time, two, each 200 feet 
long, to be so designed as to care 
safely for the friction head when these 
two lines are operating at the end of 
the field furthest from the pump. 
5. Rate of supplying water, 7 g.p.m. 
per 100 feet of nozzle line. 
6. Range of spray, 25 feet. 
7. Total pumping rate to fulfill these 
conditions equals 7 g.p.m. times two 
hundreds of feet per line times two 
lines, or 7 x 2 x 2 = 28 g.p.m. 
Nozzle line design.-It is seldom 
wise to use pipe smaller than l-inch. 
The 200-foot nozzle line in this case is 
rather short. Consider only one line 
at a time. This will take half the 
water pumped, or 14 g.p.m. at the be-
ginning of the 100 feet nearest the sup-
ply. Try 1%-inch pipe for this 100 
feet. 
Table I. Loss of Head in Feet. Due to Friction. per IOO Feet of IS-Year Old Ordinary Iron Pipe• 
u.s. 
gals. 
per min. 
5 ............................................. . 
10 ..... _ .......................... - ........ . 
15 ............................................. .. 
20 ........................................ .. 
25 ............................................ . 
30 ............................................ . 
40 ........................................... .. 
50 ............................................... . 
70 ............................................. . 
100 ............................................ . 
140 ........................................... . 
200 ............................................. . 
300 ............................... - ........ . 
400 ........................................... . 
500 ............................ _,, __ , .. _ 
700 ..................... - ............... _ 
1000 ............. - .......................... _,. 
lV4 llh 
89.00 
152.00 40.00 
60.00 
113.00 
102.00 
190.00 
Sizes of pipe in inches 
2 2V2 3 
0.50 0.17 0,07 
1.00 0.36 0.15 
0.61 0.25 
0.92 0.38 
0.54 
0.91 
1.38 
2.57 
4.96 
67.00 9.20 
129.00 17.80 
92.00 38.00 
78.00 
4 
0.22 
0.34 
0.63 
1.22 
5 
0.21 
0.41 
6 
0.14 
• Values between heavy black lines include the- practical limits for sprinkler irrigation systems. 
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FIG. 11. OsCILLATOR SYSTEM LAYOUT 
(Above) Plan of a Typical Oscillator System Layout for a 2-acre Field. 
(Below) Side Elevation of Oscillator System. 
NoTE-Height of Nozzle Line above Ground Surface is usually from 4 to 6 Feet. 
Table 1 gives the friction head only 
at 5-gallon intervals from 5 to 40. The 
14 g.p.m. required is four-fifths of the 
way from 10 to 15; hence the friction 
head, for 14 g. p.m., of 1 %-inch pipe 
will be that for 10 g.p.m. or 3.05 in-
creased by four-fifths of the difference 
between 3.05 and 6.50 or 2.75. That is, 
the friction head for 100 feet of 1%-
inch pipe carrying 14 g.p.m., equals 
3.05 + 2.75 or 5.80, safely called 6.0. 
The nozzles on this first 100 feet will 
have discharged one half the total of 
14 g.p.m. leaving only 7 g.p.m. at the 
beginning of the second 100 feet of the 
nozzle line. Try l-inch pipe for this. 
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Entering table 1 in the same manner as 
before, the friction head for 100 feet 
of l-inch pipe carrying 7 g.p.m. will 
be found to be 8.2 feet which we may 
safely call 8.0. 
Therefore, the total friction loss in 
one nozzle line is 6.0 + 8.0=14.0 feet. 
Generally, it is advisable to select 
the size of the pipe to be used so as 
to keep the value, from table 1, below 
10 feet per 100 feet. This is why 100 
feet of 1%-inch and 100 feet of l-inch 
pipe is selected as given above. 
Main line design.-The main line 
must carry 28 g.p.m. for 350 feet. It 
should be the next size larger than the 
largest pipe on the nozzle line or 1%-
inch. From table 1 by the same pro-
cess as before, the friction loss in 1%-
inch pipe at 28 g.p.m. is 9.7 feet per 
100 feet. Thus, the total loss in the 
350 feet of main will be 9.7 x 3.5 or 34 
feet. 
Determining the pump size.-In the 
choice of a pump, it is necessary to 
know the rate at which it must deliver 
water and the total pressure against 
which it must pump. 
In this case the total pressure at the 
pump is the sum of all the foregoing 
items as follows: 
At the nozzle ................................................... . 
Feet 
69.0 
Friction loss in distribution line......... 14.0 
Friction loss in main line.............................. 34.0 
Vertical lift ............................................................... 20.0 
Total ........................... : ............................................... 137.0 
Therefore, the pumping unit required 
must deliver 28 g.p.m. against 137.0 feet 
of head. 
Size of power unit.-It is safe in a 
system of this size to assume that the 
combined efficiency of pump and motor 
is 50 per cent. Then according to the 
rule previously stated the horsepower 
required would be 
28 X 137 
----=1.92. 
4000 X 0.50 
In practice call it 2.0; hence a 2 horse-
power electric motor is required. If a 
gasoline engine is used, experience has 
shown that its rated belt horsepower 
should be about 50 per cent greater on 
a stationary engine built for the pur-
pose. 
The plan just worked out, using two 
nozzle lines at a time, requires four 
moves to cover the field. The time 
required for each irrigation will de-
pend upon the amount of water it is 
desired to apply. The rate of applica-
tion is about one inch in eight hours. 
This eight-hour unit fits very well into 
a 16- or a 24-hour period making pos-
sible change of lines at regular periods, 
assuming that the total applied at one 
time shall be a full number of inches, 
as 1, 2, or 3. 
ROTARY SPRAY DESIGN 
Assumpfions.-As in the case of the 
illustrative problem in oscillating spray 
design, it will be necessary to make 
certain assumptions as follows: 
1. Area of field, 40 acres, 1,320 feet 
square. (Fig. 12.) 
2. Head at nozzle, 32 pounds per 
square inch, or 74 feet. 
3. Vertical lift from water supply, 
20 feet. 
4. Number of distribution lines op-
erating, one, 620 feet long. 
5. Rate of supplying water, 16-2/3 
g.p.m. per nozzle. 
6. Number of nozzles, 16, spaced 40 
feet apart along the distribution line. 
7. Diameter of spray, 110 feet. 
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1320'--------------------~ 
16 Sprinklers-40 feet spacing throughout. 
Discharge from each sprinkler= 16 2/3 g.p.m. 
Water applied per hour= Yz inch. 
Pressure=32 pounds per square inch at nozzle. 
Sprinkler lines, 300 feet of 4~inch and 320 feet of 3-inch pipe. 
fiG. 12. PLAN OF TYPICAL ROTARY SPRAY SYSTEM FOR A SQUARE 40-ACRE FIELD 
8. Total pumping rate to fulfill these 
conditions equals 16-2/3 g.p.m. x 16 noz-
zles = 267 g.p.m. 
Design of distribution line.-As the 
total pumping rate in this case is nearly 
ten times as large as that for the case 
of the oscillating system already dis-
cussed, it will readily be seen that 
much larger pipe must be used. Ex-
perience has shown that if the friction 
head is to be kept low so that the 
horsepower of the motor may also be 
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made as small as possible for reasons of 
economy of operation, the larger end of 
the sprinkler line should be at least of 
4-inch pipe. 
It will also simplify both design and 
handling if we use this size for the 
entire first half of the line or say for 
300 feet. Therefore, as in the preceding 
case, from table 1 the friction head for 
4-inch pipe and 267 g.p.m. is 7.5 feet 
per 100 feet, or for the .first 300 feet 
it is three times 7.5 or 22.5 feet. As 
there are eight nozzles along this first 
300 feet, the rate of flow at the end 
of the 300 feet will be 267- 8 x 16-2/3 
or 267- 133 = 134 g.p.m. Using this 
as the flow in the remaining 320 feet 
and using a 3-inch pipe for this dis-
tance, table 1 gives the friction head 
per 100 feet of 3-inch pipe at 134 g.p.m. 
as 8.6 feet. Then for the entire 320 
feet of 3-inch pipe, the total friction 
head will be 3.2 times 8.6 feet or 27.5 
feet. 
The total friction loss in the distri-
bution line is, therefore, the sum of 
those for the 4-inch and the 3-inch 
pipe or 22.5 + 27.5=50.0 feet. 
Main line design.-According to the 
rule, already stated, of making the 
main pipe one size larger than the 
largest size on the sprinkler line, we 
should use a 5-inch pipe on the main. 
From table 1 the friction loss for a 
5-inch pipe and 267 g.p.m. is 2.5 feet 
per 100 feet, making a total of 2.5 x 6 = 
15.0 feet in the 600 feet of main line. 
The friction loss in the main if 4-inch 
pipe were used would be 9.5 feet per 
100 feet or a total of 45.0 feet, which is 
30 feet more than in a 5-inch pipe. 
This extra head is sufficient to make 
it more economical to purchase the 
5-inch main pipe than constantly to 
use the extra power needed to over-
come the greater head in the 4-inch 
pipe. 
Determining the pump size.-The 
pump must deliver water at a rate of 
267 g.p.m. against the sum of the heads 
as follows: 
At the nozzle 
Feet 
74.0 
Friction loss in distribution line............ 50.0 
Friction loss in main line.............................. 15.0 
Vertical lift .................................................................. 20.0 
Total ........................................................................... 159.0 
Hence the pump must deliver 267 
g.p.m. against 159 feet total head. 
Size of power uni:t required.-As-
suming, in this case, a combined effi-
ciency of pump and motor of 50 per 
cent, by the rule previously stated, 
the horsepower of the electric motor 
required to pump 267 g.p.m. against a 
total head of 159 feet would be 
267 X 159 
4000 X 0,50 21.2 H.P. 
Hence a 25 horsepower electric mo-
tor is required, that being the next 
larger commercial size. If a gasoline 
engine is used, experience has shown 
that for a power unit as large as this, 
the rated belt horsepower should be 
about 25 per cent higher on a station-
ary engine built for the purpose than 
for the electric motor just calculated. 
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